Abstract: Starting from 3b-acetoxy-15-cyano-17-oxo-16,17-seco-5-androstene (2) and 3b-acetoxy-15-cyano-17-hydroxy-17-methyl-16,17-seco-5-androstene (11), new 17-halo-derivatives (5-10 and 13) were obtained. The fluoro derivative 5 was obtained from 17-tosylate 4 in reaction with tetrabutylammonium fluoride. The structure of the 17-iodo-devitive 10 was unambiguously proved by the appropriate X-ray structural analysis. Compounds 5-10, as well as 12 and 13, were tested for possible anti-aromatase activity, whereby only compound 9, with bromine as the C-17 substituent, induced 19.4 % inhibition of aromatase activity compared to the control.
INTRODUCTION
Aromatase is the enzyme responsible for catalyzing the conversion of androgens to estrogens in the last step of estrogen biosynthesis. The inhibition of aromatase is a specific route for the control of estrogen levels and estrogen-dependent disturbances. 1, 2 Compounds that inhibit aromatase have potential applications in the treatment of advanced estrogen-dependent tumors, such as breast cancer, endometrial cancer, prostatic hyperplasia, and prostate cancer. A number of steroids may inactivate aromatase by diverse interactions with the enzyme. 3, 4 In a previous paper 5 we described the synthesis of some 17-oxo-16,17-seco and 17-hydroxy-16,17-seco derivatives of 5-androstene as potential aromatase inhibitors.
With the aim of studying the anti-aromatase activity of some other 17-substituted 5-androstenes, several new 17-halo-16,17-seco derivatives were synthesized using similar reagents as in the estrane series. 6 
RESULTS AND DISCUSSION
Several new 17-halo-derivatives (5-10 and 13) were prepared using two independent reaction schemes. One scheme utilizes 3b-hydroxy-15-cyano-17-oxo-16,17-seco-5-androstene (1 7 ) as the starting material, which is converted to the 3b-acetoxy derivative 2 (Scheme 1). Its treatment with sodium borohydride in ethanol under reflux for 45 min gave the seco-cyano alcohol 3 in 61 % yield. The reaction of 3 with p-toluenesulphonyl chloride in pyridine at room temperature for 70 h afforded the derivative 4 in 51 % yield. Substitution of the p-toluenesulphonyl group in 4 with fluorine (using tetrabutylammonium fluoride) in ethyl methyl ketone under reflux for 48 h gave the corresponding 17-fluoro-16,17-seco derivative 5, isolated in a yield of 52 %. The latter was transformed into the acetate 6 with acetic anhydride and pyridine.
Compound 3 was also used as the starting material to prepare 17-chloro-16,17-seco-derivative 7. The reaction of compound 3 with tetrachloromethane and triphenylphosphine in benzene at 80 ºC for 60 min, gave, after column chromatography, compound 7 in 70 % yield. Compound 8 was obtained after deacetylation of 7 with potassium hydroxide in methanol. Similarly, 17-bromo-16,17-seco-5-androstene derivative 9 was obtained from 3 and tetrabromomethane and triphenylphosphine in 71.5 % yield.
Treatment of 3 with iodine, triphenylphosphine and imidazole in pyridine at 60 ºC for 2 h gave derivative 10 in 76 % yield.
The structures of the new compounds were determined by NMR and IR-spectroscopy. In addition, an X-ray analysis of 10 was performed (Fig. 1) .
The X-ray crystal structure analysis of 10 showed an anti orientation of the C 14 -C 15 (b) and C 13 -C 17 (a) bonds. It can be assumed that the cyano function and iodine atom have the maximum distance which decreases steric hindrance.
The NMR spectra of the newly synthesized compounds 4-9 showed a diastereotopic relationship for the C-17 protons. Namely, in the NMR spectra of compounds 4 (tosylate), 7, 8 (chlorides), and 9 (bromide), these protons appear as AB quartets, having different coupling constants. In the case of the fluoro derivatives 5 and 6, two signals (2´dd) for the C-17 protons are present, whereas in the case of iodo derivative 10, the signal for the C-17 protons appears as a singlet.
Probably, the reason for such characteristics of D-seco derivatives 4-9 is the existence of a quasi ring D which can be formed via dipole to dipole interaction between C 16 d+ º N and C 17 -X d-, thus partially preventing free rotation around the C 13 to C 17 bond. 8 In the case of iodo derivative 10, possessing the least polarized and the longest C-halogen bond, this relationship practically disappears, so that the C-17 protons behave as equivalent.
The 13 C chemical shifts of the C-17 fluoro-(90.8 ppm), chloro-(7: 54.5 and 8: 54.6 ppm), bromo-(45.6 ppm) and iodo-(23.9 ppm) derivatives are in accordance with the "heavy atom" effect phenomena, which is additional confirmation of the structure of these halogen derivatives.
The starting material for the second pathway, to synthesize 17-halo-17-methyl-16,17-seco-5-androstene derivatives, was 3b-acetoxy-15-cyano-17-hydroxy-17-methyl-16,17-seco-5-androstene (11), obtained by a multistage synthesis described in a previous paper 5 (Scheme 2).
Compound 11 reacted with tetrachloromethane and triphenylphosphine in benzene at 60 ºC for 4 h to give a mixture of two products, olefin 12 in moderate yield (43 %) and 17-chloro-17-methyl-16,17-seco-15-cyano derivative 13 in low yield (27 %). The mixture was separated on a silica gel column. Attempts to prepare the 17-bromo-17-methyl-or 17-iodo-17-methyl-16,17-seco-5-androstene derivatives were unsuccessful: these derivatives were always obtained as a mixture with olefin 12, which could not be separated by column chromatography.
The novel compounds synthesized in this study (5-10 and 12, 13) were tested for possible anti-aromatase activity using the denucleated ovarian fraction from PMSG-pretreated female rats (PMSG = pregnant mare serum gonadotrophin). Details of the assay procedure have been published elsewhere. 5 For screening purpose, compounds were tested at a single concentration (5 mM). The results showed that only compound 9, with bromine as the C-17 substituent, induced 19.4 % inhibition of aromatase activity compared to the control (Table  I ). In a previous study, 5 it was demonstrated that 15-cyano-17-methyl-16,17-seco-4-androstene-3,17-dione showed a relatively high anti-aromatase activity in the same assay system as in this study. The IC 50 value was 0.42 mM, which is about 3 times higher than the IC 50 for aminoglutethimide (AG). This compound at a dose of 5 mM induced 75 % inhibition of aromatase activity. 5 Purified denucleated fractions of ovaries from PMSG pretreated female rats (0.366 mg proteins) were incubated in the presence of saturation (500 nM) concentrations of the substrate testosterone and NADPH (1 mM) and in the absence (control) or presence of the different androstene derivatives for measuring the aromatase activity. The estradiol level was determined by RIA. The results are presented as the percentage of inhibition vs control. The numbers represent the mean ± SEM of 6 replicates.
On the other hand, 3b-hydroxy-15-cyano-17-keto-17-methyl-16,17-seco-5-androstene at a dose of 5 mM expressed 49 % inhibition of aromatase activity compared to the control, with an IC 50 of 5.45 mM. 5 These results suggest that the introduction of halogens at position 17 did not increase the activity toward aromatase. 
EXPERIMENTAL
Melting points were determined using a Büchi SMP 20 apparatus and were not corrected. Infrared spectra (n in cm -1 ) were recorded on a Perkin-Elmer 457 spectrometer. NMR spectra were taken on a Bruker AC 250E spectrometer operating at 250 MHz (proton) and 62.9 MHz (carbon), and are reported in parts per million downfield from the tetramethylsilane internal standard. All reagents used were commercially available analytical grade substances.
3b-Acetoxy-15-cyano-17-oxo-16,17-seco-5-androstene (2)
3b-Hydroxy-15-cyano-17-oxo-16,17-seco-5-androstene (1; 2.70 g; 8.96 mmol) was dissolved in pyridine (60 mL) and acetic anhydride (90 mL; 54.1 mmol) was added. The reaction mixture was heated to reflux for 90 min, then poured into ice-cold water (about 200 mL), and the crystalline precipitate of 2 (2.24 g) was filtered off. Pure compound 2 was obtained after column chromatography (silica gel, 225 g; benzene/ethyl acetate 4:1) and recrystallization from methanol in a yield of 1.69 g (63 %; m.p. 131 ºC; white crystals).
IR 
3b-Acetoxy-15-cyano-17-hydroxy-16,17-seco-5-androstene (3)
3b-Acetoxy-15-cyano-17-oxo-16,17-seco-5-androstene (2; 1.94 g; 5.67 mmol) was dissolved in ethanol (120 mL) and sodium borohydride (0.388 g; 10.10 mmol) was added. The reaction mixture was stirred and heated to reflux for 45 min, then poured into ice-cold water (about 150 mL). The crude product (1.34 g) was precipitated, filtered off, and purified by column chromatography (silica gel, 125 g; toluene/ethyl acetate 4:1). Recrystallization from diethyl ether gave 1. 
3b-Acetoxy-15-cyano-17-p-toluenesulphonyloxy-16,17-seco-5-androstene (4)
3b-Acetoxy-15-cyano-17-hydroxy-16,17-seco-5-androstene (3, 0.29 g; 0.74 mmol) was dissolved in anhydrous pyridine (4 mL) and p-toluenesulphonyl chloride (0.70 g; 3.66 mmol) was added in several portions at 0 ºC. The obtained reaction mixture was stirred for 70 h at room temperature, then poured into ice and water (about 20 mL). The crude product 4 (0.26 g) was precipitated and filtered off. Pure compound 4 was isolated by column chromatography (silica gel, 26 g; benzene/ethyl acetate 8:1 and 5:1) followed by crystallization from a mixture of hexane/acetone (3:1) in a yield of 0. 
3b-Hydroxy-15-cyano-17-fluoro-16,17-seco-5-androstene (5)
3b-Acetoxy-15-cyano-17-p-toluenesulphonyloxy-16,17-seco-5-androstene (4; 0.20 g; 0.38 mmol) was dissolved in ethyl methyl ketone (6 mL) and tetrabutylammonium fluoride trihydrate (0.65 g; 0.69 mmol) was 17-HALO-16,17-SECO-5-ANDROSTENE DERIVATIVES added. The reaction mixture was stirred and heated to reflux for 48 h, then poured into ice and water (about 20 mL). The crude yellow product (0.21 g) was precipitated and filtered off. The mother liquor was extracted with dichloromethane (5´30 mL) and the combined organic phases were dried over Na 2 SO 4 and evaporated to yield a further 0.091 g of product. Purification of the crude product (0.30 g) by column chromatography (silica gel, 30 g; benzene/ethyl acetate 4:1) yielded 0.071 g (55.5 %) of 5 as white crystals. Recrystallization from methanol yielded pure compound 5 (52 %; m.p. 112 ºC).
IR: 3700-3100, 2950, 2250, 1420, 1120-1000, 700. (6) 3b-Hydroxy-15-cyano-17-fluoro-16,17-seco-5-androstene (5; 0.050 g, 0.16 mmol) was dissolved in pyridine (1 mL) and acetic anhydride (2 mL; 0.98 mmol) and the mixture was stirred at room temperature for 4 h. It was then poured into water (10 mL) and extracted with dichloromethane (3´20 mL). The combined organic extracts were dried over anhydrous Na 2 SO 4 
3b-Acetoxy-15-cyano-17-chloro-16,17-seco-5-androstene (7)
3b-Acetoxy-15-cyano-17-hydroxy-16,17-seco-5-androstene (3; 0.10 g, 0.33 mmol) was dissolved in anhydrous benzene (3 mL), cooled to 0 ºC and triphenylphosphine (0.26 g, 0.99 mmol) and tetrachloromethane (0.4 mL; 1.41 mmol) were added. The reaction mixture was heated to 80 ºC for 60 min, then cooled and methanol (10 mL) was added to destroy the excess of reactants. It was then poured into water (20 mL), acidified to pH 5 with hydrochloric acid (6 M) and extracted with dichloromethane (3´20 mL). The combined organic extracts were dried with anhydrous Na 2 SO 4 
3b-Hydroxy-15-cyano-17-chloro-16,17-seco-5-androstene (8)
3b-Acetoxy-15-cyano-17-chloro-16,17-seco-5-androstene (7; 0.030 g, 0.083 mmol) was dissolved in methanol (2 mL) and potassium hydroxide (0.021 g, 0.38 mmol) was added. The reaction mixture was stirred and heated to reflux for 90 min, then poured into water (10 mL) and extracted with dichloromethane (5´20 mL). The combined organic extracts were dried over anhydrous Na 2 SO 4 . After evaporation of the solvents and purification of the residue by column chromatography (silica gel, 4 g; benzene/ethyl acetate 6:1), com-
